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Latent 

DOC»T »0. 06275/00.00! 

U^-^fi^^l P*"~ ana proteins, 
^tor delivery of medically 

ladsa^^^^ DNA technology 

^though «» aSVent 0t ° list of peptide-based 
ha s resulted in a "^^^ therapy has acutely 
w , a ma>or drawback of pept> ^ rf ^ field! 

hampered «* lizatl °V ' drls cannot be orally 
in oeneral. peptide-based drugs ^ 

administered in -^^Uint-ti-l tract before 
degraded by enzymes in the g polypeptide of 

they can reach the ^relatively resistant to 

merest can be altered t > ™*° rf delivering the 

s »ch enzymes, the only «™»* route , suo h as by 

is UKely to be a paren aneous inje ction. 

intravenous, intramuscular. by 
Ministration by other pa~nt«al Qr via 

ab sorption across sucoess . 
the lung) has met with 1»» 

It h as been found that * ^«^ s) ls 

hereinafter coUective^erred ^ ^ ^ 

comb ined with an forB o£ a powder of 

introduced into the lun, , » enterB the pulmonary 

appropriate particle s-.^ * layer of epithelial 

circulation by ^ Lact. *his Is conveniently 

cells in the lower ^""^ powoe r from an inhaler 
accomplished by inhalation «£J of powdered 
device which dispenses the 
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-article size which maximizes 
polypeptide/enhancer in * ^ as oppoS ed to the 

deposition in the lower "^"^^ the polypeptide 
mo uth and throat - ^ rrferred to as the 

an d enhancer •» this preferential 

..active compounds"). To a * e f the active 

delivery into the ^J^^ « >~ 
compounds should consist P"* Q 01 _ 10 ^ and 

than approximately 10 m eBbo diments, at least 

ideally between 1-. •-) • » P ably at least 70%. 

50 % (preferably at least 60%. more p raWy at 

still more preferably at leas 8°%. > ^ exlts 

le ast 90%, of the total mass of act ve p ^ 
the inhaler device consists of particl 
diameter range. charmaceutical 

« ~ i0n Tmix^re of active compounds W a 
composition containing a » 15ttur = an enha „«r 

pharmaceutically active of the 

compound which enhances the (pr eferably the 
polypeptide in the lower \ n ^ totB of a dry 

lungs, of a patient. .^^^ch at least 50% of the 
powder suitable for inhalation in wh ^ ^ 

total mass of active ^^J^sl L» or egual to 
primary particles having a dia »^\ be packa ged as 

such, or may op " 0na " y ae merate d prior to entry into 
then are «*^""* patle nt. The composition may 

the respiratory tract of the p including 

other pharmaceutically acti * such as ailuent s or 

pharmacologically « c ^f preparation of the 

carriers. Therefore, the therap compounds 
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largely consist of particl res ultant 

10 ^Tt/corsUts o optionally agglomerated 
powder as a whole consists of P ^ M 

primary c^T may largely consist of 

microns; alternatively m ^ rticles .. ) , so that an 

.ordered a „ orderea mixture, alternatively 

ana the said c -»;/- ve I or aaheslve Bixtu re. fine drug 

^les <in this invention, the active compounds, are 
particles (in wis „ ir f a ce of coarse 

tairxy eve my ^^^HT«» pharmaceutical* 
excipient particles <»^£ such case the act ive 
acceptable carrier . Prefer^ y g prlor to 

compounds are not in the form of 99 ^ ^ 

formation of the ordered 60 mlcrons . 

nave a diameter of over 20 microns, such as o 

the diameter of the coarse 
above these ^ ^ 0It ^ ce so various coarse 
particles is not of ^ical P ^ ^ 

particle sizes may be used if desi tlon . There 

practical requirements of the S«*"» orQered 
is no retirement for the »~«'££ZZ~ particles may 
mixture to he of the same size ^ ^ 
advantageously be of similar S12e a diame ter 

mixture. Preferably, the coarse particles 
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of 60 - 800 microns. 
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° f 60 Z peptide may be any medically or 
aiagnostically useful peptide ^ ^> £ or 

si ze, i.e. up to about « ^f^^^ of 
which systemic delivery is desired . tne ese „t 

improved ^Z^ ^* -ly *» 
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sorption is improved may vary according » - «- «- 
physi co-chemical pities 

in the P-ent invention, suc h as P<»- 
molecular weight of up to 25 kD or up to 20 kD, and 
,.„ ,s kD or up to 10KD. any desired 
especially up to 15 kD or up nresen t 

,. „.ii« tasted for use in the present 

absorption of the polyp P systeI „ie circulation, 

lower respiratory tract, and into tne sy 
By -enhances absorption" is meant that the amount of 
polypeptide absorbed into the systemic circulation in 

izl ^^zxtz^ ro^riied is 

J suitability of ~ of in 

present invention may be easily assessed, y 

5 absorbed m the absence or doubled, 

th. presence of the enhancer, compared to xn its absence, 
the presence or „ referablY a surfactant such as a 

The enhancer is preferably a ^vative 

-oif a bile salt derivative, 
•14. » fattv acid, a bile salt, a one 
° Taixyl /inside, a cyclodextrin, or a phospholipid. The 

Lancer may be, for example, a ^J^^ is 
organic amine salt of the fatty acid, and the fatty 
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fher f attY acid of 10-14 carbon 

^ ^ ""ZZTTs solium caprate. - 
atoms. The preferred enhancer x lroB ^ 

of polypeptide to e = ;- --n S of enhancer greater 
better than lower proportions, x neo essary 

— - — — ■ 

to acheive the desired level such as local 

enhancer may trigger unwanted sxde 

irritation. method of 

Also within *J£TZ JJUally active 

administering ^^^"J'unt to inhale the 
polypeptide. by caus xng a patxent ^ ^ 

pharmaceutical composxtxon of compoun ds at the 

le ast 50% of the total mass of the actx ^ 

point of entry to the less than or egual 

consists of particles havxn, , a d mete „ y ^ 

to about 10 '^™ devi l 1S t 2 which the patient inhales the 
use of an inhaler device tro form q£ 

, powder. «here the P~«- device is preferably 

agg lomerates of ^V^f"^^^^^ of the 
configured to ^ p Ler from the device 

agglomerates upon lnha ^°" of the agglomerates 

by the patient, so ^ ^Xa diameter less than or 
» break down into partxcles having ^ ^ ^ ^ 

e^al to about 10 mxcrons , prio ^ deagglo meration 

the respiratory system of t P ^ ^ inducea by 

would occur inside the devx , ^ f£>roe of 

the air turbulence created xn the devx^ ^ 
30 inhalation. Agglomerates are xn g ^ ^ 

formed in the ordered mxxture. In th ^ ^ 

mixture, the active compounds elther by 

large particles preferably upon xnhalatx 
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action of inhalation, or by other resplrator y 
compounds then being deposi *d i-th ^ 

t ract and the "» 1 «^^ t «* tt a single dose dry 
The inhaler device u £ ^ ^ dose ^ 

powder inhaler, but may alternate y 

powder inhaler. < eludes processes for the 

invention also include* £^ ^ 

manufacture of a pharmaceu^v 

one such process, a 
Ministration by inhalat ion. ^ aissolve d (a) a 

solution is first provided in wh ^ 
p h ar»aceutically active P^eP^e < ^ ^ 

compound which enhances *e J st - , patient . 

polypeptide in the lower solutlon to yield a dry 

The solvent is then removed from the ^ ^ 

solid containing the P^* A second such 

„ solid is P^ erl2ed ;° P t a P^-aceutically active 
pr ocess involves dry mixing (a> ^ ^ mioronl2lng 

polypeptide and (b, an enhanc er^ P^^ 
20 the obtained mixture. Y mlcronUed preparation 

the steps of providing a first ^ preparatlon 

containing a polypeptid emda ^ ^ 

containing an enhancer <*™°™«- oarrier ls to be 

ni croni,ed preparations *<*«*£j^ xtnr . is desired, this 
25 included other than ^ " "^"^ ary-mixture of the 
may be added to the solutl ° n ' lor to micromotion, 

pharmaceutical* active po ypept ide^pr ^ ^ ^ 

or micronised carrier an ordere d mixture, 

Micronised components, i B mlxeQ wlt h a 

30 micronised polypeptide and enhancer 
suitable carrier. 
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•wt-inn of the_DE35iill3§. 
S£3^ f - Be§S£iEU2B -^ ^TTff^cts of 

monolayer of cultured the effects of 

Fig . 2 is a graph ill-tr enhancer on the 

different concentrations of sodium P ^ 
transport of a marKer compound mannit ^ ^ rf . 

monolayer of cultured epithel lde 1:3 by weight,, 
polypeptide (sodium -P^^J polypept lde 

Fig. 3 is a graph of P lasn P innaX atlon of the 
concentration as a function^ of ti caprate ln . 

nrrr.r^^£«« - — — - * 

ratio of 75:25. 

B §SaU£iS - EMSrlEii ? s of the invention 
so me of the preferred embedments of the 

ar e generally described below. 

ItoJelySfflUas pre ferably a peptide hormone 

The polypeptide 13 J r ln , vaso pressin 

other than insulin, such as V P tropln (ACTH ) , 

desmopressin „« , calcitonin, c- 

^g^gtei (luteinizing hormone, owth 
-teSdTrrnsulin, P^^^T^-. releasing 
Lrmone (hOH, , grow* hormone HC, ^ „ 
hormone (GHRH) , oxytocin, corti t analog s 

(FSH) , and prolactin. lncXua e growth factors. 

Other possible polypeptides endorph ins, 
in terleuKins, polypeptide vaccines, ensym 
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, ly coproteins. Upop.ot.ins, and polypeptide involved in 

relatively high water solubility, and an 18 

between approximately P« 3 and P H 8 can he effectively 

delivered by the methods of the invention. 
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lbS - ED!l CUe °* an absorption enhancer is of critical 
stance, as the polypeptide alone fa nLsr 

rjroCruaiteus «- — e 

Jet, and into the ad^ pulmonary ^ 
enhancer can accomplish this ey a y 

nanisms: ^ ^ permeability of 

. polypeptide by inducing structural changes in the tight 

junctions between the epithelial - ^ permeabi lity 

(2) Enhancement of the transceixvu. v 
of . pol^epti- by interacting with or extracting protein 
or lipid constituents of the membrane, and thereby 
*^~JZZ:'JZ?ZL~ and polypeptide 
whl ch increases the solubility of the polypeptide in ague us 
s olution. This may occur by preventing formation o 
aggregates (dimers, trimers, hexamers) or by 
poly peptide molecules the 
(4) Decreasing the viscosity oi., 

1 , . r.a.s^aaes of the lung, 

, mucus barrier lining the alveoli and P assa f * 

thereby exposing the epithelial surface for direct 
absorption of the polypeptide. 



set forth above, or by two o efficient 

5 or two. class of enhancers 

For example, surfactants are a class 

. v>v all four mechanisms listea 

which are believed to act by all f ^ & 

above, surfactants are amphiphilic mole 
lipophilic and a hydrophilic moiety, lecule 

is very 

l0 between these two J e " Mce in water Bay 

UpophiliC ^^J^JC^Uc part 

15 ^rs^cient solubility ana sufficient surface 

"Mother surfactant property that ^ay b e of 
im portance is the net charge of the -"f a »7 ^e 
20 vale in the lun, (approbate!, ^ *»» 

polypeptides have a "^^ZZSles. which will 
in an electrostatic repulsxon 
in turn prevent aggregation and thereby in , 
solubility. « the surfactant also u negat J 
25 it can interact with the aBong the 

stabilize the polypeptide in the mon ugeful 

A number of different compounds potentia y 
as enhancers in the methods of the invention were tested 
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■> below. Other substances 
rats, as described in Example 2 ^ al 
wi th Known ^tion-^c^ ^^ tes £or us e in 
characteristics which maKe ™ adUy « one <* 

tt e method of the invention Amatively in 

ordinary sKill in "S^ - 

^ in vitro comblnatlon of two or .ore 

" 13 P ° S S1 "Taives satisfactory results. The 

considered to be -i^J^^,. ot the invention 

An enhancer useful in tn tide absorption 

with (1) lack of toxicity ^ or waxy 

g ood powder properties i.e. , Qf a given 

consistency means, such as hy the 

substance can be tested y . n ^ J# Pharm . , 65 

MTT assay, for example as de - ven subst ance 

in-^-"^- - - — - 

, empirically. enhancer is the salt of a 

one very promising type Qf 
• « Tt nas been found that the soai 
fatty acid. It has ^ 1Q (1>e>< 

saturated fatty acids of oar °° n (soaiuB 
sodium caprate, of the invention. The 

myristate) perform well in th ^ ^ ^ 

potassium and lysine salt of P lnven tion. M 

found to be effective in the 10 , ^ 
the carbon chain length is shorter than^b ^ ^ 

surface activity of the ^J""*^ ceased 
the chain length is longer ^" f-t 14 ^ 
solubility of the fatty acid salt 
usefulness . 
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Most preferably in the present invention the 
substance which enhances the absorption of polypeptxde xn 
tTe lower respiratory tract is sodiu* of 
Different counterions may change the 
5 the saturated fatty acid salt in "f^*^ would 

enhancer having a carbon ™Zrs specifically 

pro ve even *ore ^^^Z^ fatty acids »ay 

^r^TX'vr^ mention since they are .ore 
also be useful m tne pr acids, and can 

, -aits of saturated ratty auj.v*o, 

„ , salts of ursodeoxycholate, taurocholate, 

15 gtyclotaT rlrodihydrofusidate, effectively enhance 

found that a enhanoer , while 

20 (lysophospatidyacholine) was an effect 

two double-chaik phospholipids 
(dioctanoylphospWidylcholine and 

counterparts; however * ohaln lengtn , ha ving 

double-chain phospholipids of snorc 
heater water-solubSlity than their longe cha„, 
counterparts, will blof use as enhancers in the presen 
30 invention so that botiUingle- and double-chain 

p ho spholipids i - ^ "tylglucopyranoside, was tested as 
enhancer in the present invention and was found to have 
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some ahsorption enhancing properties Other alKyl 
glycosides, such as thioglucopsr^^ 
Lltopyranosides would * «» 

absorption enhancing properties in the metho 

salicylate , sodium 5-methoxysalicylate andje ~ y 
occurring surfactants such as salts of glycyrrh 

saponin glycosides and acyl surfa ctants 
For ionic enhancers (e.g., the am 

_ \ i.vq na ture of the countenon may be 

rsrr ^ — : ^ „ - 

4-^« e .solubility, stabilxty, 
the powder properties, solubiii y, enhancer 

and local/ systemxc toxicity 01 
hygroscopicity, ana w^ aA ' * Tt _ av a i so 

//of any foliation containing^ ^^^'^Z^ 

lithium, - ^^.rl ^anic a-"- for. 

for anionic enhancers. «* ^ appropriate 
5 another class of cations that is expect 

for use with anionic enhancers having a o"*-** 1 

TthylethylaMine, hetaines, ethylenediamine. ... 

hexamethylenetetraamine, histidine, * 
lysine, pipeline, spermidine, spermine and 
tris(hydroxymethyl)aminomethane. 
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sln oe effective ^ - tJ?^- - 
sorption in the that Bany .ore will be 

enhancers tested, it is exp staroh 
f o»nd which also function in^ t ilabllit y of 

mi orospheres ^^.-^-l — «— "* 

polypeptide delivered ^ ^ 

tested as an enhancer in the ^ ^ delivery via 

although they proved to be hereln , lt 

the pulmonary route in ^ J^ 1 to teohnioal 

ls thou 9 ht ome. ^ lead to successful 

difficulties which, it ow 

aelivery via the P""^ e nhancers that are believed 

Chelators are a class lons help 

to act by bindin, calcium ions- ^ ana 

maintain the dimensions of the P ti de, binding 

additionally reduce the . norease the solubility 

of these ions would in theory ^> lar permeability 

of polypeptides, and tested, the sodium 

of polypeptides. «?"*L^ .oM (EDTA) , was found to 
salt of etnylenediammetetraace ^ ^ rat 

prove to be more useful. 

Ersportiarauof-SS^ and enhancer 

^^^^^ZlTrJ^ must be 
may be varied as '^t ion of the inhaled 

present to permit efficient absorp ^ Kept 

'polypeptide, however %jTJL~ the risK of adverse 

as low as 

possible m o*«- ~ each particular 

ef f ects caused hy the enhancer Alt * ^ ^ 
polypeptide/enhancer ""^J^ that to achieve 
the optimal proportions, xt 

- 13 - 



25 



30 



20 



25 



„ of the polypeptide, more than 10* of 
acceptable absorption of enhancer . for m ost 

the polypeptide/enhancer mixture -» ^ ^ 

^£ZT~*ZZ and will Prefer be 
-ore ^ "* ° * The preferred ratio for each 
between 25% and 50%. The p ^^t, 
polw eptide/en*ancer or polypep ^ ^ 

combination can be readily standard methods, based 

sKiu in the art of delive ry of the 

:ri — ion - - — 

°%r; r rC n -in g redient S are needed for ? action of 
the preparation, but may be — ^ale 
example, the amount of ^t^ination could be 

acse of a given apP aratus which by 

increased M" "^^ volume per dose) by diluting 
design requires a large P°« aocepta ble diluents. Other 

the powder with ^^^^ processing or to 
additives may be included to facilitate pr 

improve the powder properties or ^ ^ ^ the 

sr- L:" h r:sTnevitabiy - 

P csitive feedback that a dose h ad b n de-v^ ^ 
inhaler device not disadvantageous* 

properties: (a) it is stab enhancer; (b) it 

aK ect the stability of ^^f^* absorption of the 
does not disadvantageously lrter * er ™ rties , as «,* term 
polypeptide; (=) it has good powder ^ 
Is understood in the pharmaceu t-1 ^s d» 
hygroscopic; and (e, it has no averse eft ^ 
airways in the concentrations sugar 
additives include mono-, dx- t and po y 
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a other polyols: tor example, lactose, glucose, 
alcohols, oa -^ 0, ^ otltoli ma ititol, trehalose, 
rafflnose, melezitose, lactito , suoh as 

sucrose, mannitol. ana star* u I- > « £ with 

lactose and glucose have a tendency to f mel «itose, 

steins, and starch 

lactitol. maltitol, trehal , ^ invention . 

ruL^irc^ - 

„eutic -T-^^-iTS^ - 

polypeptide and a ^ tract , w hich 

said po ^TJlTtoru of a dry powder preparation 
^eTor^ion of which «^J<~^ 
consists o f "/^^S^TT^.-*--. - 

t^s: r s rrceTir XcL - - 

SS- - ^ w^'prp/ration is in 
pha^aceuticam acceptah e carr e ^ ^ ^ , t 

the form of a dry powder tloles having a 

least 50% by mass consists of (a par lonerate s 

* than about 10 microns, or l»j 

diameter of less than ab ferrea embodiment 

of said particles; and in a furthe p ^ comprislng 

.his invention provides a actlve polypeptW e 
active compounds (A) a pharma abs0 rption of said 

ana ,„ a substance which enhance -^"^ at least 
polypeptide in the resp = ^ ^ ^ 

50 % of the total mass of active o P ^ 
consists of particles having , oarrie r, which 

10 microns, and a pharmaceutical^ accep 
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preparation is in the form of a dry powder preparation 
suitable for inhalation in which an ordered fixture may he 
formed between the active compounds and the pharmaceutic 

acceptable carrier. 

The described powder preparation could be 
manufactured in several ways, using conventional technique^ 
in many cases, the purified polypeptide can be obtained from 
commercial sources. Alternatively, the polypeptide of 
interest can be purified from a naturally occurs source 
using standard biochemical techniques, or can be obtained by 
expression of prokaryotic or eukaryotic cells genetically 
engineered to contain a nucleotide sequence which encodes 
the polypeptide and has appropriate expression control 
sequences linked thereto (including a transgenic animal 
engineered to manufacture the desired peptide « 
for example in its milk) . Such methods are standard in the 

art (e.g Sambrook et al.. Molecular Cloning: A 

Laboratory Manual, cold Spring Harbor Laboratory Press, Cold 
spring Harbor, NY, 1989). Peptides (i.e., polypeptides 
having 30 or fewer amino acid residues) can be readily 
synthesized by known chemical means. 

Absorption enhancers as described above are also 
generally available from commercial sources, or can be 
manufactured using published methods. For ionic enhancers 
the counterion associated with the enhancer can be replaced 
with another, if desired, using standard ion exchange 

techniques . 

in manufacturing of the described powder 
preparation it will in general be necessary to micronize the 
powder in a suitable Bill, e.g. a jet mill, at some poxnt xn 
the process, in order to produce primary particles xn a sxze 
range appropriate for maximal deposition in the lower 
respiratory tract (i.e., under 10 ^ . For example, one can 
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d» nix polypeptide and enhancer powders, and then micronize 
dry mix polypept alternati vely, the substances can 

the substances together; alternatives, , 
be micronized separately, and then mixed. Wher th > 
compounds to be mixed have different physical properties 
S uch as hardness and brittleness, resistance to 
micronisation varies and they may require ^"erent 
pressures to be broken do™ to suitable P^V""^. 
When micronised together, therefore, the obtained particle 
TL of one of the components may be unsatisfactory In 
such case it would be advantageous to micromse the 

. eonara telv and then mix them. 
Hifferent components separately <mu 

It is also possible first to dissolve the components 
1„ a suitable solvent, e.g. water, to obtain mixing on the 
molecular level. This procedure also makes it possible to 
„ , the t>H-value to a desired level, for instance to 

;: P : 1 a sfrptio: - «- poi^e. - ^ 

improve y inhalation products 

accepted limits of ts wlth . pH outside 

must be taken into account, since proa 

these limits may induce irritation and constriction of the 
Tirways. To obtain a powder, the solvent must be removed by 

a7"ce- *** " talnS thS P 01 ^ ptide ' S bl0l ° 91Cal 
activity, suitable drying methods include vacuum 
conation, open drying, spray drying, and freeze drying. 
Matures over 40-C for more than a few minute, . should 
generally be avoided, as some degradation of certain 
p peptides may occur. Following the ^ 
solid material can, if necessary, be ground to obtain 
coarse powder, then, if necessary, micronized. 

If desired, the micronized powder can be Vr~~~* 
to improve the flow properties, e.g., by dry granulation 

inhaler device. In such a case, the device would be 
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.■hat the agglomerates are substantially 
configured to ensure "fJ£^T device, so that the 
^agglomerated prior to * ^ o£ the patient are 

I d i«d the active compound ma, be processed. 
Sample by l^. 1 '- 
deS 1::'mra^Cc" S XL example to obtain a 
carrier may also p „„.,,-. properties, such as a 

desired size and ^ certa in ruggedness, 

particular surface to weight ratio, or a 
and to ensure optimal adhesion forces - ^ 

mixture, such ^J^TJL" - 
are veil Known, as are the require ments. and 

the Elation apparatus would have the 

^ ^or-i sties- protection of the powder 
following -*» ^ s L„al large doses; in 

fr om moisture and no ns* of o followlng are desired: 

addition as many as possible o< the t 
protection of the powder from light, high r P 

innaler surfaces; flexibility ^ ^^hly a 
halation resistance. The ^aler is , ^ 

0 dose inhaler although a multi ^'^/^multiple use, 
dose, breath actuated, dry powder ^ f ° u . mit 

may also be employed. Peferably the inhaler 
dose, breath actuated, dry powder inhaler for singl 
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A number of dry powder formulations containing a 
polypeptide and various enhancers have been prepared and 
tested in an in vivo assay, and are described below. Also 
described is an in vitro assay useful for testing 
5 polypeptide/ enhancer combinations. 

,^ r1o 1; ip Y 4»™ ™ e th o * -»* ^termini ncr usefulness 
~* P^^it ^ tt ^-iho, for tho nr^nt. invention 

A standard in vitro assay utilizing an epithelial 
cell line, CaCo-2 (available through the American Type 
10 Culture collection (ATCC) , Rockville, MD, USA) , has been 
developed to assess the ability of various enhancer 
compounds to promote transport of markers across an 
epithelial cell monolayer, as a model for the epithelial 
cell layer which functions in the lung to separate the 
15 alveolus from the pulmonary blood supply. 

in this assay, the enhancer and polypeptide or other 
marker are dissolved in aqueous solution at various 
proportions and/or concentrations, and applied to the epical 
side of the cell monolayer. After 60 min incubation at 37 C 
and 95% RH (relative humidity) , the amount of the marker on 
the basolateral side of the cells is determined, e.g., by 
use of a radioactively labelled marker. 

For the enhancer tested, sodium caprate, the amount 
of marker (mannitol, MW 360) which appears on the 
basolateral side is dependent upon the concentration of 
enhancer used, at least up to 16 mM sodium caprate (Fig. 1) . 
This is true even when the polypeptide insulin is added to 
the enhancer/mannitol mixture (1:3 sodium caprate: insulin, 
by weight) (Fig. 2). This concentration of sodium -prate 
(16 mM) was also found to promote absorption across the cell 
monolayer of two low molecular weight peptides, insu in (MW 
5734) and vasopressin (MW 1208) . The amount of insulin 
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which passed across the monolayer doubled in the presence of 
16 mM sodium caprate, compared to the amount in the absence 
of any enhancer; the amount of vasopressin which was 
absorbed across the monolayer increased 10-15 times compared 
to the amount in the absence of any enhancer. 

In contrast, no increase in transport rate was 
observed for larger proteins such as cytochrome C (MW 
12,300), carbonic anhydrase (MW 30,000) and albumin (MW 
69,000) when tested at up to 16 mM sodium caprate. It is 
expected that at higher concentrations of sodium caprate, 
the permeability of the cells will be further increased, 
permitting the transport of larger polypeptides; however, 
the potential cytotoxicity of sodium caprate may prevent the 
use of substantially higher concentrations of this 
particular enhancer. 

Other enhancers may permit transportation of larger 
polypeptides; these may also be tested in this in vitro 
model of epithelial cell permeability, which can be used as 
a screening tool for rapidly testing any desired 
polypeptide/ enhancer combination for usefulness in the 
methods of the invention. 

Example 2t Method for selecting enhancers useful 
for the present invention. 

Each of the compounds listed in Table I was tested 
for its ability to enhance uptake of a polypeptide (insulin) 
in a rat model. The results with insulin are taken as 
indicative of the enhancer's potential for enhancement of 
absorption of other polypeptides. 

Various forms of insulin were employed in the 
different trials: recombinant human, semisynthetic human or 
bovine. Each formulation was prepared as above, drying and 
processing the insulin/ enhancer or insulin/enhancer/ lactose 
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solution to produce an inhalable powder. The powder was 
administered to rats by inhalation , and the blood glucose 
levels of the rats were subsequently monitored as a measure 
of insulin uptake. These levels were compared to the 
5 corresponding values obtained from rats which had inhaled 
insulin formulations without enhancer. 

The same in vivo model system could be used to test 
any given peptide or protein for usefulness in the methods 
of the invention, by delivering by the same inhalation 

10 method a formulation containing the desired peptide or 
protein combined with an enhancer , and assaying for the 
concentration of the desired peptide or protein in the 
systemic circulation of the test animal (e.g., by standard 
immunoassays or biochemical assays as appropriate for the 

15 given peptide or protein) . 
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TABLE I 



10 



15 



20 



25 



ft * * W A» — 

bUDStance 


Enhancer : }frisu lin:ia 


Effe 




ctose / 


£ht-t-..*l — 


4:4:92 


(+) / 




Sodium ursodeoxycholate 


4:4:9^ 


+ 


ouaiuiD uaurocnoidte 


4:4:,02 


+ 


Sodium glycocholate 


4:/: 92 


+ 


Lysophosphatidylcholine 


4/4:92 


+ 


DioctanovlohosDhatidvi rh 
oline y 


fO • A • OA 


(+) 


DidecanoylphosMtidylcho 
line ^ / 


4:4:94 




Sodium / 
taurodihydrofusidate/ 


2:4:94 


+ 


Sodium caprylate / 


25:75:0 




Sodium caprate / 


10:90:0 


(+) 


Sodium caprate / 


17.5:82.5:0 


V / 


Sodium caprate / 


25:75:0 


+ 


Sodium caprate/ 


4:4:92 


+ 


Sodium lauratie 


25:75:0 




Potassium ol4ate 


4:4:92 


+ 


' ~f 

Potassium q/aprate 


27:73:0 


+ 


Lysine caprate 


35:65:0 


+ 


Sodium myristate 


30:70:0 


+ 


Dimethy]/-^-cyclodextrin 


75:25:0 


+ 



* ^ .effect, i.e. enhancer gives a significant decrease 
in blocjd glucose level 

no or very small effect 
(+) / effect, not as marked as "+" 
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Example 3: Therapeutic preparation ,^ n rdin „ + n ^ 
invention. 

Human growth hormone (hGH, MW 22kD, source Humatrope 
from Lilly, 3 parts) was mixed with sodium caprate (1 part) 
The mixture was milled in a Retsch mechanical mill to a 
particle size of mass median diameter 6.7 Mm. 

The resultant powder was administered intratraceally 
m rats and the uptake of hGH compared with that of a 
powder, MMD 9.6 pm, comprising hGH and mannitol in the same 
proportions and prepared in the same way as above. 

The results indicated an improvement in the uptake 
of hGH in the formulation including sodium caprate, compared 
with the uptake in the formulation without enhancer. 

Example 4: Preparation contain*™ ^ D 0 lw^ 0 <„„,< n 

Insulin is herein used as indicative of other 
polypeptides according to the present invention. 

Biosynthetic human insulin (53g) was micronised in 
an Airfilco Jet Mill (Trade Mark, Airfilco Process Plant 
Limited) , with pressurised nitrogen (feed pressure 7 bar 
chamber pressure 5 bar), to a mass median diameter of 2.1 
micrometers . 

Sodium caprate (I70g) was micronised in an Airfilco 
Jet Mill (TM, , with pressurised nitrogen (feed pressure 5 
bar, chamber pressure 3 bar) , to a mass median diameter of 
25 1.6 micrometers. 

The micronised biosynthetic human insulin (45g) and 
sodium caprate (14.26g) were dry mixed according to the 
following procedure: Half of the insulin was added to a 
mixing device comprising a mixing cylinder of volume 4 4 
30 litres divided, by a sieve of width 1mm, into two 

compartments, with a metal ring in each compartment to aid 
mixing and stirring. The sodium caprate and finally the 
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closed, turned 180 degrees, and mounted in a motorised 
shaking apparatus. The motor was turned on and shaking 
oontmued for approximately two minutes, until all the 
insulin and sodium caprate had passed through the sieve. 
The motor was turned off and the mixing cylinder turned 180 
degrees ag al n mounted on the shaking apparatus and shaking 
was a,a ln effected until all the powder had passed through 

10 times to g lve a total mixing time of approximately 20 
minutes . 

The preparation so obtained was administered to 5 

pul t lation ' at a dosa9e level of 1 ™* «- 

» ^:: s ™:. level deterained at vario - »- — 

in s „, • T ? SUltS ° btained We " ° 0mpared with the P^sma 
insulin levels obtained when biosynthetic insulin 

micronised as above to a mass median diameter of 2 4 

20 ""I adnlnistersd to «~ **. I" the same way 

and at the same dosage levels, and with the plasma insulin 
levels obtained when a therapeutic preparation of insulin 
and sodium caprate in a ratio of 9 o:io was administered to 
five dogs in the same way and at the same dosage levels as 
above, in this case the therapeutic preparation was 

« prepared as follows: Human semisynthetic insulin was gel 
filtrated to reduce the zinc content from 0.52% to 0.01* 

ca 0 raT,r,T tent °* lnSUUn - InSUUn - «■*- 

caprate (o.5g) were dissolved in water (232 ml) The 

io ZT s i0 ,\ ms stirred until claar and the pa *«» '-0. 

The solution was concentrated by evaporation at 37-0 over a 
period of about two days. The obtained soiid cake was 
crushed, and sieved through a 0.5 mm sieve, and the 
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result powder micronised through a Jet mill to particles 
With a mass median diameter of 3.1 micrometers 

The results of these comparisons are presented in 
Figure 3 (p-o.0147 for the difference between 75:25 and 
100:0) The results demonstrate some improvement in the 

^™ lity ° f inSUUn 90!1 ° Elation, and a 

dramatic improvement in the bioavailability of insulin with 

— — - — 



What is claimed is: 
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